Abstract: A series of luminescent Ba 0.79 Al 10.9 O 17.14 :xEu (x = 0.005-0.12) phosphors were prepared by high-temperature solid-state reaction in air atmosphere. . The related mechanism of self-reduction was discussed in detail. The color of the Ba 0.79 Al 10.9 O 17.14 :xEu phosphors could be shifted from blue (0.23, 0.10) to red (0.42, 0.27) by doping Li + ions, and the temperature dependence properties were investigated.
Introduction
White light emitting diode (WLED) is considered as a new generation of solid-state lighting source due to the characteristics of high energy efficiency, long lifetime, low energy consumption, etc. There are three traditional approaches to generate WLED: (1) YAG phosphor excited by blue LED, (2) direct white phosphor excited by ultraviolet (UV) LED, and (3) tricolor phosphor excited by near ultraviolet (NUV) LED. The third approach pumping blue, green, and red emitting phosphors with NUV LED deserves more attention because it displays extensive spectral distribution over the whole visible range to obtain high quality white light [1] [2] [3] [4] [5] . Hexagonal aluminates have good thermal and chemical stabilities, which are widely used as tricolor phosphor host materials [6, 7] . The luminescence property of Eu 2+ and Ce 3+ doped BaAl 12 O 19 also can be used as long afterglow phosphor with co-doped Eu and Dy and shows high brightness, long afterglow time, and stable performance [12] .
Generally, Eu 2+ ions are usually used as an activator  of the blue luminescent materials because of the predominant 4F 6 5D-4F 7 transition peaking from 400 to 550 nm [13, 14] . With the wide use of Eu 2 3+ was proved by photoluminescence spectra, diffuse reflection spectra, and X-ray photoelectron spectra. The self-reduction mechanism was discussed in detail based on the charge compensation model, and the reduction process could be controlled by tuning synthesis temperature and doping concentration of Eu 3+ and Li + ions to obtain the colorful tunable phosphor. (4N) . The stoichiometric amounts of raw materials were well homogenized in an agate mortar. All samples were pre-sintered in air at 900 ℃ for 3 h, and further heat treated at 1300 ℃ for 3 h. Finally, three samples of Ba 0.79 Al 10.9 O 17.14 :0.04Eu were calcined at 1500 ℃, 1550 ℃, 1600 ℃ for 3 h respectively, and the other samples were calcined at 1550 ℃ for 5 h to complete reaction with several intermediate grindings in the processes.
Experimental
The phase composition of synthesized samples was analyzed by X-ray diffraction (XRD) on a D8 Advance diffractometer with Cu Kα1 radiation (λ = 1.5406 Å) by the step of 4 (°)/min at room temperature. The emission and excitation spectra, and the temperature dependant luminescence properties were detected with a Hitachi F-4600 fluorescence spectrophotometer. The diffuse reflection spectra were measured via a Shimadzu UV-3600 UV-Vis-NIR spectrophotometer attached with an integral sphere. The photoluminescence decay curves were determined by a Horiba JOBIN YVON FL3-21 spectrofluorometer. Figure 1 [25] . The PL spectra under varying excitation factors are shown in Fig. 3(b) [26] . The strongest emission peaking at 619 nm from 5 D 0 -7 F 2 transition of Eu 3+ reflects that the electric dipole transition is the dominant factor, which is greatly influenced by the lattice symmetry [27] . Figure 4 presents the diffuse reflection spectra of Ba 0.79 Al 10.9 O 17.14 :xEu (x = 0-0.10). It is observed that the energy absorption of Ba 0.79 Al 10.9 O 17.14 host appears in UV range, and the band gap is about 3.37 eV, which is estimated by the fitting line of the absorption edge. 
Results and discussion

1 Crystal structures
Ba Ba 2Eu 2e 2Eu
When Eu 3+ ions are doped into the host and reduced to Eu 2+ ions, they will be surrounded by the framework structure of AlO 4 tetrahedron, which has considerable inhibitory effects on oxidation of Eu 2+ [34, 35] . The framework consists of six-membered network structures formed by corner-shared AlO 4 tetrahedrons, whose centers are occupied by Eu 2+ ions working as the charge compensation cations. The Eu 2+ ions in the hollow structures of AlO 4 tetrahedrons are protected from oxidation, so that they can exist stably in the host.
3 Luminescence of Ba 0.79 Al 10.9 O 17.14 :xEu
The amount ratio of Eu 2+ and Eu 3+ ions in the host is defined as η, which can approximately be equal to the Fig. 7 . The corresponding lifetime can be well fitted to a first-order exponential equation [20] :
where I is the luminescence intensity, A is a constant, t is the time, and τ is the lifetime for the exponential component. As shown in Fig. 7(a) , and the concentration quenching effect occurs. It is found from Fig. 7(b) Figure 9 displays the PL spectra of Ba 0.79 Al 10.9 O 17.14 : 0.04Eu prepared at 1450 ℃, 1500 ℃, and 1550 ℃ for 4 h, and the variation of η with different preparation temperatures is shown in the inset. It is found that η is increased with the rise of synthesis temperature, and the emission intensity of Eu 2+ increases while the emission intensity of Eu 3+ decreases obviously. When the 
4 Temperature dependence properties
It is known that the thermal quenching property is an important factor for white light output in white LED application [41, 42] . The temperature-dependent emission spectra (λ ex = 254 nm) of Ba 0.79 Al 10.9 O 17.14 : 0.04Eu,0.04Li + prepared in air are shown in Figs. 12(a) and 12(b). The emission intensity decreases to 83.84% at 100 ℃ and 70.73% at 150 ℃ compared with the intensity at room temperature, which indicates that the Ba 0.79 Al 10.9 O 17.14 :0.04Eu,0.04Li + phosphor shows good thermal stability. The decrease of emission intensity is due to the probability of molecule collision and nonradiative transition is enhanced with the temperature rise [43] .
The activation energy from the temperature quenching can be calculated with the Arrhenius equation [44, 45] : 
where 0 I is the emission intensity of Ba 0.79 Al 10.9 O 17.14 : 0.04Eu,0.04Li + phosphor at room temperature, T I is the emission intensity at different temperature, c is a constant, ΔE is the activation energy for temperature quenching, k is the Boltzman's constant (8.62×10
5 eV), and T is the temperature. As Fig. 13 
